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室は室温 25± 1度，湿度 50± 5％に設定した．
　2）PDモデルラットの作製
　動物を無作為に，① control 群と② PD群に分け
実験を行った．










ン神経の通る内側前脳束（Bregma から右に 2 mm，
後方に1mm，硬膜から下方に8.4 mm）に挿入，4μl





　6-OHDA の投与から 4 週後に，apomorphine
（Sigma）1.0 mg/kg を腹腔内投与し，直径 36 cm
の金属のボウルの中において PDモデルラット特有
の回転運動を観察した．反時計回り（6-OHDA 注
入側と反対方向）に 10 分間に 100 回以上回転した
ものを PDモデルラットとして使用した．
　2．摂食量と排便量の測定





　術後 4 週目に，apomorphine 投与にて回転運動
が確認された PD 群（6 匹）と control 群（6 匹）
を 使用した．Urethane（Sigma）380 mg/ml と
α-chloralose（Sigma）32.5 mg/ml の混合液を 2 ml/
kg 腹腔内投与し麻酔した．腹部を切開し開腹した
のち，ラットの肛門から約 5 cm 吻側部を摘出し，
20× 5 mmの大腸条片を作成した．この条片の一






Fig. 1　Schematic drawing of the record of colon motility.
The longitudinal segment dissected from the colon 5 cm from the anus was suspended 
in Krebs solution to measure the motility.
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2 mg，5 mgをそれぞれ 50 ml の Krebs 液に溶解し，
順次 chamber 内に灌流投与して大腸運動を記録し
た．apomorphine 投与前 10 分間と投与後 0-10 分，








ロッキング後，一次抗体（Rabbit Anti-Rat D2R 
IgG 1：800 ; Alpha Diagnostic）を室温で 24 時間反
応させ，二次抗体（FITC-conjugated Goat Anti-
Rabbit IgG 1：200 ; Jackson ImmunoResearch）を
室温で 2時間反応させ共焦点顕微鏡にて観察した．





し，THの一次抗体（Rabbit Anti-Rat TH 1：2000 ; 
MILLIPORE）を室温で 24 時間反応させた後，
二次抗体（FITC-conjugated Goat Anti-Rabbit IgG 













（Fig. 2a）．14 日目からの 1日の排便量の平均（Fig. 
2b）と摂食量に対する排便量の比（排便量／摂食
量）（Fig. 2c）はいずれも control 群に比べ PD群は
有意に低かった．腸管の通過時間の延長により排便
Fig. 2　The amount of feces.
2a shows the daily weight of feces. 2b shows the average weight of feces in a day from day14 to day28. 
In PD group the amount of feces are signiﬁcantly smaller compared to that in the control group （P＜
0.006）. 2c shows the ratio of the amount of feces to the amount of food intake from day 14 to day 28. In 
PD group the ratio is signiﬁcantly lower compared to that in the control group （P＜ 0.04）. These re-











の実際の記録を，また，Fig. 4 に apomorphine 投
与前 10 分間の収縮回数に対する，投与後 30 分まで
の 10 分間毎の収縮回数の割合を百分率で表示した．






























Fig. 3　 An example of the change in the colon motility induced by the 
administration of apomorphine.
Apomorphine, 1 mg/50 ml Krebs solution, inhibited the colon motility 
of the PD rat signiﬁcantly compared to that of the control rat.
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Fig. 4　Suppression of the colon motility by the administration of apomorphine.
The contraction frequency of 0-10, 10-20 and 20-30 minutes after the administration of apomorphine 
was shown by percentage to the frequency for 10 minutes before the administration. When apomor-




Fig. 5　a :  Photographs of confocal laser scanning microscope of rat large intestine 
sections ﬂuorescent-immunostained for Dopamine receptor （D2R）. 
b :  Photographs of confocal laser scanning microscope of rat large intestine 
sections ﬂuorescent-immunostained for Tyrosine-Hydroxylase （TH）. 
c : The number of D2R positive cells and TH positive cells.
D2R positive cells were increased significantly in PD group （P＜0.01）, 
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PARTICIPATION OF INTESTINAL DOPAMINE RECEPTOR IN  
CONSTIPATION OF PARKINSON’S DISEASE MODEL RAT
Hiroto TANIGAWA, Masataka SUNAGAWA, Satoshi SAKAUE,  
Yu SAITO, Shi-yu GUO and Tadashi HISAMITSU
Department of Physiology, Showa University School of Medicine
　Abstract 　　 Parkinson’s disease PD a progressive neurodegenerative disorder characterized by 
extrapyramidal symptoms, is often associated with non-motor symptoms.  Constipation appears most 
frequently in the non-motor symptoms, and it is generally considered to be caused by autonomic distur-
bance.  On the other hand, changes of enteric dopaminergic systems are also reported.  It was reported 
that dopamine inhibits the intestine motility, and from among dopamine receptors, dopamine receptor 
D2 D2R in particular participates.  The role of D2R in the constipation of PD is not clear.  Therefore, the 
present study was conducted to clarify the mechanism of constipation in PD, especially the participation 
of D2R using the PD model rat.  PD model rat was established by unilateral injection of 6-hydroxydop-
amine 6-OHDA into the medial forebrain bundle.  Rats were bred in the metabolic cage and the amount 
of feces was measured for 28 days.  The amount of feces of PD rats was signiﬁcantly less than that of 
control rats.  Thereafter, PD rat’s colon was removed and the motility was recorded in Krebs solution. 
When apomorphine, that is the dopamine receptor agonist, was added to the Krebs solution, the move-
ment was signiﬁcantly inhibited compared with that of control rats.  Moreover, D2R and tyrosine-hydrox-
ylase TH were examined using immunohistoﬂuorescent methods.  The number of D2Rs in the colon was 
signiﬁcantly increased in the PD group.  There was no signiﬁcant diﬀerence in TH-positive neurons dop-
aminergic neurons.  These results suggested that the intestinal tract, at least in the colon, of the PD rat 
became more sensitive to dopamine due to the increase of the number of D2Rs, and had an inﬂuence in 
the movement of the intestinal tract.
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